Abstract As individuals age with HIV it is increasingly important to consider the health-related consequences of HIV and multiple morbidities, known as disability. We assessed relationships between four dimensions of disability among adults living with HIV. We conducted a structural equation modeling analysis using data from 913 participants in the Ontario HIV Treatment Network Cohort Study to determine relationships between four latent variables of disability in the Episodic Disability Framework: physical symptoms and impairments, mental health symptoms and impairments, difficulties with day-to-day activities, and challenges to social inclusion. Results indicated that physical symptoms and impairments, mental health symptoms and impairments and difficulties with day-to-day activities directly or indirectly predicted challenges to social inclusion for adults living with HIV. Challenges to social inclusion were directly predicted by mental health symptoms and indirectly by physical health symptoms via (mediated by) having difficulties carrying out day-to-day activities and mental health symptoms and
Introduction
As more individuals live longer and age with HIV, they may be living with health challenges associated with HIV and potential adverse effects of treatments. The premature onset of cardiovascular disease, diabetes [1] , bone and joint disorders [2, 3] , neurocognitive disorders [4] and non-AIDS-defining cancers [5] , add further complexity to the health challenges experienced by adults with HIV. Hence, it is increasingly important for clinicians to consider the health-related consequences of HIV [6] [7] [8] and multiple morbidities [9, 10] , such as fatigue, weakness, pain, and changes in body composition to difficulties participating in society, such as employment [11] [12] [13] . These health-related challenges may be collectively termed disability [14] .
The Episodic Disability Framework is a conceptual framework developed from the perspective of adults living with HIV to describe and understand disability experienced by adults living with HIV [14] . In this Framework, adults living with HIV conceptualized disability as multi-dimensional and episodic in nature characterized by periods of wellness and illness. The Episodic Disability Framework is comprised of three main components. The first component, dimensions of disability, includes (a) symptoms and impairments (e.g. physical, mental and emotional health challenges), (b) difficulties carrying out day-to-day activities (e.g. difficulties with walking, activities of daily living, carrying out household chores), (c) challenges to social inclusion (e.g. challenges fulfilling roles as a parent, difficulties engaging in work and school, and personal relationships), and (d) uncertainty about future health (e.g. worrying about the future and the impact of uncertainty on life decisions) that may fluctuate on a daily basis and over the entire course of living with HIV. The second component of the Framework includes extrinsic contextual factors (social support and stigma) and intrinsic contextual factors (living strategies and personal attributes) that may influence dimensions of disability resulting in exacerbations or alleviations in disability presence and severity. The third component of the Framework includes triggers or life events that may initiate a major or momentous episode of disability such as receiving a diagnosis, starting or changing antiretroviral medications, experiencing an illness, or suffering a loss of others [14, 15] . Components of this Framework interact over time resulting in an episodic form of disability. For example, receiving a diagnosis of HIV (trigger) may initiate an episode of disability characterized by physical and mental health symptoms and impairments, difficulties carrying out daily activities and uncertainty about future health (dimensions of disability). This disability may be alleviated by practical or emotional support from friends or family (extrinsic contextual factor), or living strategies, such as adopting positive attitudes and beliefs to help manage living with HIV (intrinsic contextual factor). Alternatively, these challenges may be exacerbated by concurrent health conditions (personal attributes; intrinsic contextual factor) and stigma experienced from employers or family (extrinsic contextual factor). Hence, disability as articulated in the Episodic Disability Framework is a dynamic process that may involve the complex interaction between disability, contextual factors, and triggers over time.
This Framework goes beyond existing frameworks which were developed prior to the advent of combination antiretroviral therapy and were not developed specifically from the perspectives of people living with HIV [16] [17] [18] [19] [20] [21] . Furthermore, 'disability' differs from other health-related concepts such as health and quality of life, which are broader in scope and more difficult to ascertain because they consider personal goals, values and expectations [22] , whereas disability specifically describes the impact HIV and other concurrent health conditions may have on a person's body, activities and participation in society [23] . Better understanding the disability experience may help to promote timely and appropriate access to interventions and services that will help to reduce or prevent disablement and improve the overall health among people living with HIV.
Although the Episodic Disability Framework offers a new way to conceptualize HIV-related disability, the relationships between the components in this Framework are unknown. However, relationships among other healthrelated concepts have been explored in the context of HIV infection that may inform hypothesized relationships between components of disability in the Framework [22, 24] . Previous research assessing a conceptual framework of health-related quality of life with people living with HIV indicated that health concepts span a continuum whereby physiological variables predict symptom status, which in turn predicts functional health status, general health perception and overall quality of life. Further empirical work suggested that symptom status directly predicted general health perception and overall quality of life and that the relationship between symptom status and quality of life was partially mediated by functional health among people with HIV [25, 26] .
We used these observed relationships to inform our theory of the relationships between dimensions of disability in the Episodic Disability Framework. However, concepts, such as symptom status and functional health in the quality of life framework, while analogous to symptoms and impairments and difficulties with day-to-day activities in the Episodic Disability Framework, refer to broader concepts and do not consider the distinct relationships between physical and mental health symptoms and their influence on other components of disability. Hence, we assessed the relationships between four dimensions of disability in the Episodic Disability Framework [14] . Findings will provide a foundation for better understanding disability among people living with HIV.
Methods
We used structural equation modeling (SEM) to test relationships between dimensions of disability in the Episodic Disability Framework. Specifically, we conducted a SEM analysis to determine the direction and magnitude of relationships between latent variables of disability using cross-sectional data from the Ontario HIV Treatment Network Cohort Study (OCS) [27] . The OCS is a longitudinal multi-site observational cohort study which collects clinical and socio-behavioral data from HIVpositive adults who are residents of Ontario [27] . Participants complete an interview-administered questionnaire at yearly intervals. We focused our analysis on participants in three sites in Toronto, Ontario who completed a 90-120 min questionnaire comprised of detailed health status instruments and questions related to education, employment status, housing, and income. This study was approved by the OCS Governance Committee and by Research Ethics Boards at McMaster University, and Ryerson University.
Variables
We used a combination of summary, subscale and item scores from the OCS questionnaire for our model. We used item scores from the HIV Symptom Index, a 20-item questionnaire that describes the presence and burdensome nature of symptoms experienced by adults with HIV [28] . We used seven subscale scores from the SF-36 questionnaire including physical function, role limitation physical, bodily pain, vitality, role limitation emotional, mental health, and social function [29, 30] . We included item scores from the EQ-5D EuroQoL Questionnaire, a standardized general measure of health-related quality of life, comprised of five items (mobility, self-care, usual activities, pain and discomfort, and anxiety and depression) [31] . We used summary scores from the Medical Outcomes Study Cognitive Functioning Scale that measures reasoning and problem solving, memory, attention, and concentration and thinking [32] , the Center for Epidemiologic Studies for Depression Scale (CES-D), a 20-item instrument that measures depressive symptomatology [33] , and the Ongoing Problems Stress Index, a component of the National Population Health Survey Stress Questionnaire [34] . Remaining variables for our model were item scores generated from questions specifically derived for the OCS questionnaire including housing, employment status, education, income, and occupation.
Analysis
SEM is a statistical technique used to test theoretical models that indicate causal relationships between latent variables (variables that are not directly observed) [35] . SEM analysis has two distinct steps. First, we derived the latent variables from the observed variables in the OCS questionnaire. This step yielded a measurement model. Next, we determined the relationships between the latent variables, which represented the dimensions of disability. This step yielded a structural model.
Measurement Model
We established a measurement model that included latent variables that represented four dimensions of disability in the Episodic Disability Framework (physical and mental health symptoms and impairments, difficulties with day-today activities, and challenges to social inclusion) [36] . We built the model using confirmatory factor analysis with observed measures in the OCS questionnaire. We allocated observed measures to latent variables based on categories that corresponded to each dimension in the Episodic Disability Framework [14, 37] . We further divided symptoms and impairments into physical and mental health symptoms, because, while correlated, these variables differ conceptually [38] . Further details on our development of the measurement model are published elsewhere [36] .
Structural Model
Using the latent variables in the measurement model, we established a structural model to assess the direct and indirect (mediating) effects between the dimensions of disability. We hypothesized that there would be both direct and indirect relationships between dimensions of disability in the Episodic Disability Framework (Fig. 1) . Our hypothesized structural model was based on previously discussed models of symptoms, functional status, and quality of life in the context of HIV [22, [24] [25] [26] .
We used Mplus version 6.0 statistical software [39] and the weighted least squares method of estimation, which is used with combinations of continuous and categorical variables and non-normally distributed data [40] . Prior to our analysis, we recoded all 'don't know' or 'refused' item responses in the OCS questionnaire to missing values. Where possible, we used subscale or summary scores to simplify the measurement model. We estimated and reported standardized parameter estimates because variables possessed different units of measurement including item, subscale and summary scores that were discrete (categorical) or continuous in nature. Missing data were dealt with using pairwise deletion with the weighted least squares method of estimation [40] .
We considered a root mean square error of approximation (RMSEA) \ 0.05, comparative fit index C 0.95, and Tucker Lewis index C 0.95 to indicate good model fit [41] . We considered the RMSEA as the primary statistic for overall goodness of model fit because it is recommended for confirmatory factor analysis, which is used in SEM [42] . We reported the Chi square statistic (v 2 ) but did not consider it a determinant of model fit given its sensitivity to large sample sizes, which tend to overestimate lack of model fit [35, 43] . For the measurement model, we considered standardized coefficients (factor loadings) C 0.30 (p \ 0.05) as 'representing' a given dimension of disability [43] . For the structural model, we classified standardized path coefficients of C0.2-0.5 as a medium (moderate) effect and [0.5 a large (strong) effect [35] .
Sample Size Estimation
At least five observations per unknown parameter estimate is required for SEM [35, 43] . Our primary hypothesized structural model had 93 unknown parameter estimates that included factor loadings and error variances for each of the indicator variables (n = 83), plus latent variable variances (n = 4) and parameter estimates between latent variables (n = 6). Hence we required at least 465 observations for our analysis.
Results
We analyzed data from 913 adults living with HIV who completed an OCS questionnaire between October 2007 and March 2009 in Toronto, Ontario. Participants were primarily male (83 %) and taking antiretroviral therapy (86 %). The median age was 47 years and the median length of time since diagnosis was 11 years (Table 1) .
Measurement Model
Our measurement model that provided the best fit to the data included 43 measured variables in the OCS questionnaire that represented four dimensions of disability (Table 2) . Physical symptoms and impairments were represented by 21 variables in the OCS (physical), mental health symptoms and impairments were represented by 10 variables (mental), difficulties with day-to-day activities by 5 variables (day), and challenges to social inclusion by 8 variables (social) ( Table 2 ). The median percent of missing values across all variables was \2 % (range 0-3.5 %). Correlation coefficients ranged from 0 to 0.74 between contrasting (HIV symptom index-diarrhea and gross personal income) and similar (HIV symptom index-felt sad and the SF-36 mental health subscale score) measured variables, respectively. Complete correlation matrices of the measured variables included in the model are available upon request. The RMSEA goodness of fit statistic of 0.048 met our a priori criterion and all OCS variables loaded on at least one dimension of disability (factor loadings C0.30).
We allowed the SF-36 social function subscale scores to load on both physical symptoms (0.21) and mental health symptoms dimensions (0.61). Although the factor loading on physical symptoms was \0.30, we retained this cross loading in the model for two reasons. First, allowing the SF-36 social function summary score to load on both physical and mental health symptoms and impairments improved the model fit by reducing the RMSEA from Physical Symptoms and Impairments
Difficulties
Challenges to With Day-to-Day Social Inclusion Activities Mental Health Symptoms and Impairments Fig. 1 Hypothesized structural model of relationships between dimensions of disability 0.053 to 0.048. Second, we considered this cross loading to be reasonable because the subscale items included phrasing that referred to how physical and emotional problems interfered with social activities [36] .
Structural Equation Model: Relationships Between Dimensions of Disability

Direct Effects
Physical symptoms and impairments were a direct strong predictor of mental health symptoms and impairments (standardized path coefficient: 0.790; p \ 0.001) and difficulties with day-to-day activities (0.805; p \ 0.001) (Fig. 2) . Difficulties with day-to-day activities were a direct moderate predictor of challenges to social inclusion (0.297; p \ 0.001). Mental health symptoms and impairments were a direct strong predictor of challenges to social inclusion (0.541; p \ 0.001). The direct relationship between mental health symptoms and challenges to social inclusion is interpreted as, for every one standard deviation increase in mental health symptoms there is a 0.541 standard deviation increase in challenges to social inclusion while adjusting for physical health symptoms and impairments and difficulties with day-to-day activities.
Indirect Effects
The effect of physical symptoms and impairments on challenges to social inclusion was mediated by having difficulties with day-to-day activities (0.239; p \ 0.001) and mental health symptoms and impairments (0.427; p \ 0.001) (Fig. 2) . The relationship between mental health symptoms and impairments and difficulties with day-to-day activities was not significant (Fig. 2) . Almost all (98 %) of the total effect of physical health symptoms and impairments on challenges to social inclusion was mediated through mental health symptoms and impairments. For instance, the total effect of physical symptoms on challenges to social inclusion was the sum of three possible paths, (i) the indirect effect of physical to social via mental (0.427), (ii) the indirect effect of physical to social via day (0.239) and (iii) the direct effect of physical to social (-0.230) which equals 0.436. Hence the mediated effect between physical health symptoms and impairments to challenges to social inclusion via mental health challenges was 0.427/0.436 (98 % of total effect) (Fig. 2) .
Discussion
This is the first study to assess relationships between dimensions of disability in the Episodic Disability Framework for adults living with HIV. Physical symptoms and impairments, mental health symptoms and impairments and difficulties with day-to-day activities directly or indirectly predicted challenges to social inclusion for adults living with HIV. Challenges to social inclusion were directly predicted by mental health symptoms and indirectly by physical health symptoms via (mediated by) having difficulties carrying out day-to-day activities and mental health symptoms and impairments (Fig. 2) .
The relationship between physical symptoms and impairments to difficulties with day-to-day activities was the strongest predictor (0.805) in the model. This result aligns with previous evidence that illustrated direct relationships between physical symptoms such as pain, fever, nausea or loss of appetite and limitations in self-care activities and functional health among adults living with HIV [26, 44, 45] . The mediated relationship between physical symptoms and impairments and challenges to social inclusion through difficulties with day-to-day activities (0.239) is also supported by evidence that demonstrated greater physical symptoms related to greater limitations in social and role functioning for adults living with HIV such as employment, school, recreational activities, and social events [24, 44, 46] . The negative path coefficient from physical symptoms and impairments to challenges to social inclusion in our model (-0.230; p = 0.011) does not suggest that physical symptoms reduce challenges to social inclusion as they are positively correlated in the correlation matrices (available upon request). Rather this finding further highlights the almost full mediation of physical symptoms to challenges to social inclusion via mental health symptoms and impairments. Our original hypothesized relationship between mental health symptoms and impairments and difficulties with day-to-day activities was not significant in the model (Fig. 2) . Previous exploration of relationships between components of health-related quality of life with people living with HIV demonstrated strong relationships between symptoms and decreases in physical function or functional health [22, [47] [48] [49] [50] . In these models, symptoms included both physical and mental health challenges, whereas we considered these distinct concepts in our analysis, because while correlated, they differ conceptually [38] . This enabled us to distinguish between the strong direct predictive effect of physical symptoms (0.805), and no effect of mental health symptoms, on difficulties carrying out day-to-day activities.
The relationship between physical symptoms to challenges to social inclusion was almost entirely mediated (98 %) through mental health symptoms and impairments (Fig. 2) . Mental health appears to be a major predictor of social inclusion, even if adjusted for physical symptoms and difficulties carrying out day-to-day activities. Mental health (specifically cognition) can significantly impact social participation such as employment for adults with HIV [51, 52] . However, Rueda et al. also suggested the reverse relationship whereby employment is associated with better mental and physical health-related quality of life [53] . Given the cross-sectional nature of this study, the direction of causation is unknown, suggesting the dual importance of clinically addressing mental health
Physical
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Challenges to With Day-to-Day Social Inclusion Activities Mental Health Symptoms and Impairments Fig. 2 Final structural model of relationships between dimensions of disability (n = 913 participants). Relationships between dimensions of disability represented by standardized parameter estimates. Solid lines represent significant relationships between dimensions of disability (p \ 0.05). Dotted lines represent non-significant relationships between dimensions of disability. Indirect effects The relationship between physical symptoms and impairments to challenges to social inclusion is mediated by difficulties with day-to-day activities (0.805 9 0.297 = 0.239) and mental health symptoms and impairments (0.790 9 0.541 = 0.427) HIV symptom index [28] ; MOS = Medical Outcomes Study [32] ; CES-D = Center for Epidemiologic Studies Depression Scale [33] ; EQ-5D = EuroQOL questionnaire [31] Factor loadings C 0.30 indicate the variable 'loads' on a given dimension of disability. Any variables not identified as subscale or summary scores were individual item scores used in the analysis (n = 33) # All standardized factor loadings were statistically significant (p \ 0.0001) challenges for people living with HIV as well as educating employers and policy makers to facilitate labor force participation and social inclusion for this population [53] . The impact of mental health on other components of social inclusion in our model, such as housing, is less clear [54] .
Findings from a qualitative study suggested a relationship between housing and mental health; however the direction of this relationship is unknown [55] . Nevertheless, findings from this SEM analysis highlight the importance for health care providers to consider strategies that may prevent or mitigate physical symptoms and mental health symptoms experienced by adults living with HIV in order to enhance their ability to carry out daily activities, and participate in society, respectively. Findings also suggest that physical symptoms experienced frequently by people living with HIV, such as pain and loss of energy, may not necessarily lead to challenges to social inclusion, such as problems with income, housing, or employment, without concurrent mental health problems such as depression and anxiety. This suggests that empirically supported mental health interventions for people living with HIV, such as cognitive behavioral therapies, may not only reduce psychological distress but also may be associated with reductions in social aspects of disability [56] [57] [58] .
Implications for Future Practice and Policy
As individuals live longer and age with HIV, they may be living with multiple morbidities, adding further severity and complexity of disability experienced with HIV. Findings from this analysis highlight the importance for health providers to consider the spectrum of disability in their assessment and the potential for extrinsic and intrinsic contextual factors within the Episodic Disability Framework to serve as interventions that may mitigate or prevent disability among adults with HIV. Contextual factors including social support, stigma and living strategies may interact with and influence dimensions of disability, highlighting interventions that may help to address disability. Evidence supports the role of social support (emotional, practical, informational) as a mechanism to reduce depression, enhance function and adherence to antiretroviral therapy [59, 60] whereas, HIVrelated stigma is significantly associated with increased depression, decreased cognitive function, and decreased energy levels [61] . Interventions aimed at enhancing social support and reducing stigma may help alleviate physical and mental health symptoms and impairments for people with HIV. Living strategies, an intrinsic contextual factor in the Framework that includes seeking social interaction with others, maintaining a sense of control, and adopting attitudes of hope and resiliency, also highlight strategies clinicians and people with HIV may use to manage the health challenges of HIV. Adopting lifestyle modifications to maximize health (getting adequate nutrition and sleep, reducing substance use, adhering to medications, exercising, avoiding external stressors and ensuring financial security); establishing a sense of purpose in life; creating a daily structure or routine, and prioritizing tasks and planning for and anticipating the future, offer possible interventions clinicians may consider with their patients [15] . Specifically, cognitive-behavioral and stress management interventions have been used to address anxiety and depression and enhance coping among people with HIV [56] [57] [58] [62] [63] [64] . Overall findings highlight the importance for health providers and policy makers to consider the role of extrinsic and intrinsic contextual factors (programs, services and interventions) in addressing disability experienced by people living with HIV.
Using SEM enabled us to simultaneously determine both direct and indirect effects among multiple latent variables representing disability, however, our study possessed limitations. Results are limited to the characteristics of participants who were healthy enough to complete the 90-120 min OCS questionnaire, the majority of who were men, in their 40s, taking antiretroviral therapy, and not currently working. Generalization to other individuals and settings remains to be determined. Second, we were unable to suggest causality between the dimensions of disability due to the crosssectional nature of the analysis. Physical and mental health latent variables are often modeled as correlated with each other because of the longstanding uncertainty of their cause and effect [22, 65] . We hypothesized a direct relationship from physical symptoms to mental health symptoms and impairments in our structural model to assess potential indirect effects between physical health and social inclusion, a hypothesis supported by literature that suggested physical health predicts mental health [66] . However alternative hypotheses could be that mental health symptoms directly predict physical health symptoms, or that the relationship between physical symptoms and mental health symptoms exists in a feedback loop, whereby physical symptoms directly predict mental health symptoms and vice versa. This bi-directional relationship, known as reciprocal causation, would result in a non-recursive model increasing the complexity of the analysis which commonly leads to problems with identification [35] . Hence, we assessed the relationships of disability using an advisable recursive (or unidirectional) model in our analyses [67] . Future longitudinal analyses may help determine whether one latent variable precedes the other.
Implications Future Research
This analysis lays a foundation for future research on disability in the context of HIV. While the focus of our analysis was on the first component of the Episodic Disability Framework (dimensions of disability), future modeling also may determine the influence of extrinsic and intrinsic contextual factors, such as stigma, social support, and living strategies, as well as triggers, on dimensions of disability in the Episodic Disability Framework [15] . Findings will help empirically identify specific areas to target interventions to reduce disability experienced by adults living with HIV. Future research also may adjust for personal attributes such as age, gender, antiretroviral use, length of time since diagnosis or other health conditions, such as Hepatitis C co-infection, to determine if they have a moderating effect on disability. For instance, antiretroviral use is associated with lower physical function (independent of CD4 count and viral load) and enhanced mental health function [68] [69] [70] . However, this evidence is specific to quality of life; the influence of immunological and virological indices, and adherence to combination antiretroviral therapy on dimensions of disability is unclear. Finally, uncertainty, a dimension of disability in the Episodic Disability Framework, was not considered in our analysis as no measures in the OCS currently captured this dimension. Future research should assess the relationships between uncertainty and other disability dimensions in the Framework.
Conclusions
We empirically tested relationships between four dimensions of disability in the Episodic Disability Framework. Physical symptoms and impairments, mental health symptoms and impairments and difficulties with day-to-day activities directly or indirectly predict challenges to social inclusion. Challenges to social inclusion are directly predicted by mental health symptoms and indirectly by physical health symptoms mediated by difficulties carrying out day-to-day activities and mental health symptoms. These findings provide a basis for conceptualizing disability among people living with HIV and may help to indicate areas in which health care providers may target interventions to reduce dimensions of disability.
